Dempster-Shafer evidence theory has been widely used in various fields of applications. Besides, it has been proven that the quantum theory has powerful capabilities of solving the decision making problems. However, due to the inconsistency of the expression, the classical Dempster-Shafer evidence theory modelled by real numbers can not be integrated directly with the quantum theory modelled by complex numbers. The main contribution in this study is that, unlike the existing evidence theory, a mass function in the generalized Dempster-Shafer evidence theory is modelled by a complex number, called as a complex mass function. When the complex mass function is degenerated from complex numbers to real numbers, the generalized Dempster's combination rule degenerates to the classical evidence theory. This generalized Dempster-Shafer evidence theory provides a promising way to model and handle more uncertain information. Numerical examples are illustrated to show the efficiency of the generalized Dempster-Shafer evidence theory.
Introduction
As an uncertainty reasoning tool, Dempster-Shafer evidence theory was firstly presented by Dempster [6] and had been developed by Shafer [7] in 1976 year. Due to the flexibility and effectiveness in modeling uncertainties without prior information, Dempster-Shafer evidence theory has been widely used in various fields of applications, like decision making [25] [26] [27] [28] [29] [30] [31] , pattern recognition [32] [33] [34] , risk analysis [35] [36] [37] [38] [39] , supplier selection [40, 41] , fault diagnosis [42] [43] [44] [45] , and so on [46] [47] [48] [49] [50] .
Currently, the quantum theory has became an interesting and hot topic in solving the decision making problems. It has been known that the quantum theory is represented by complex probability [67] . So the question remains, can we leverage the complex probability to express the Dempster-Shafer evidence theory in the same way? As a pioneer, Deng [68] first proposed a meta mass function expressed by complex numbers in Dempster-Shafer evidence theory. Inspired by his research work, a generalized Dempster-Shafer evidence theory is proposed in this study. Specifically, a mass function in the generalized Dempster-Shafer evidence theory is modelled by a complex number, called as a complex mass function. In particular, when the complex mass function is degenerated from complex numbers to real numbers, the generalized Dempster's combination rule degenerates to the classical evidence theory. Consequently, this generalized Dempster-Shafer evidence theory provides a promising way to model and handle more uncertain information.
The remaining content of this paper is arranged below. Section 2 introduces the preliminaries of this paper briefly. In Section 3, a generalized DempsterShafer evidence theory is proposed. In Section 4, a decision making method based on the generalized Dempster-Shafer evidence theory is developed. Section 5 gives numerical examples to illustrate the effectiveness of the proposal.
Finally, Section 6 gives the conclusion. [67, 68] A complex number z is a number of the form,
Preliminaries

Complex number
where x and y are real numbers and i is the imaginary unit, satisfying i 2 = −1.
Give two complex numbers z 1 = x 1 + y 1 i and z 2 = x 2 + y 2 i, the addition is defined as follows:
The subtraction is defined as follows:
The multiplication is defined as follows:
The division is defined as follows:
An important parameter is the absolute value (or modulus or magnitude) of a complex number z = x + yi is
where if z is a real number (i.e., y = 0), then r = |x|.
The square of the absolute value is
wherez is the complex conjugate of z, i.e.,z = x − yi.
Dempster-Shafer evidence theory [6, 7]
Dempster-Shafer evidence theory is extensively applied to handle uncertain information that belongs to the category of artificial intelligence. Because
Dempster-Shafer evidence theory is flexible and effective in modeling the uncertainty regardless of prior information, it requires weaker conditions compared with the Bayesian theory of probability. When the probability is confirmed, Dempster-Shafer evidence theory degenerates to the probability theory and is considered as a generalization of Bayesian inference. In addition, DempsterShafer evidence theory has the advantage that it can directly express the "uncertainty" via allocating the probability into the set's subsets, which consists of multi-objects, instead of a single object. Furthermore, it is capable of combining the bodies of evidence to derive new evidence. The basic concepts and definitions are described as below.
Definition 1. (Frame of discernment)
Let Θ be a nonempty set of events that are mutually-exclusive and collectivelyexhaustive, defined by:
in which the set Θ denotes a frame of discernment.
The power set of Θ is represented as 2 Θ , where:
and ∅ is an empty set.
When A is an element of the power set of Θ, i.e., A ∈ 2 Θ , A is called a hypothesis or proposition.
Definition 2. (Mass function)
In the frame of discernment Θ, a mass function m is represented as a mapping from 2 Θ to [0, 1] that is defined as:
which meets the conditions below:
The mass function m in the Dempster-Shafer evidence theory can also be A is defined by:
The plausibility function P l of the proposition A is defined by:
whereĀ is the complement of A, such thatĀ = Θ − A.
Apparently, the plausibility function P l(A) is equal to or greater than the belief function Bel(A), where the belief function Bel is the lower limit function of the proposition A, and the plausibility function P l is the upper limit function of the proposition A. 
with:
where B and C are also the elements of 2 Θ and K is a constant that presents the conflict coefficient between the BBAs m 1 and m 2 .
Notice that Dempster's combination rule is only practicable for the BBAs m 1 and m 2 under the condition that K < 1.
Generalized Dempster-Shafer evidence theory
Let Ω be a nonempty set of events that are mutually-exclusive and collectivelyexhaustive, defined by:
in which the set Ω denotes a frame of discernment.
The power set of Ω is represented as 2 Ω , where:
Definition 5. (Complex mass function)
In the frame of discernment Ω, a complex mass function m is modelled as a complex number:
with
and is represented as a mapping from 2 Ω to C, denoted as:
The complex mass function m modelled as a complex number in the general- 
Definition 6. (Complex belief function)
Let A be a proposition where A ⊆ Ω; a complex belief function Bel c of the proposition A is defined by:
The complex plausibility function P l c of the proposition A is defined by:
whereĀ is the complement of A, such thatĀ = Ω − A.
Apparently, the plausibility function P l c (A) is equal to or greater than the belief function Bel c (A), where the belief function Bel c is the lower limit function of the proposition A, and the plausibility function P l c is the upper limit function of the proposition A. 
where B and C are also the elements of 2 Ω and K is a constant that presents the conflict coefficient between the CBBAs m 1 and m 2 .
Remark 1. Generalized Dempster's combination rule is only practicable for the
CBBAs m 1 and m 2 under the condition that the conflict coefficient K = 1.
Decision making method
From Section 3, it can be notice that the fusing results generated from the generalized Dempster's rule of combination is expressed by complex numbers which are not comparable directly. So, the question is that how can we make a decision based on the fusing results obtained through the generalized Dempster's rule of combination? To answer this question, a belief value of a complex basic belief assignment is developed on the basis of complex theory discussed in Section 2.1. 
wherem (A) = x − yi is the complex conjugate of m(A).
Definition 10. (The belief value of a CBBA)
Let A be a proposition in the frame of discernment Ω, a belief value of a complex basic belief assignment m(A) is defined by:
where A⊆Ω Γm(A) = 1.
Then, upon the defined belief value of the CBBA, a decision can be made according to the object with the biggest belief value.
Numerical examples
In this section, numerical examples are illustrated to show the effectiveness of the proposed method. 
Conclusions
Dempster-Shafer evidence theory is a very useful uncertainty reasoning tool in modeling and handling uncertainties regardless of prior information. On the other hand, the quantum theory has proven its powerful capabilities of solving the decision making problems. Whereas, the classical Dempster-Shafer evidence theory expressed by real numbers can not be integrated directly with the quantum theory. To address this issue, in this study, a generalized Dempster-Shafer evidence theory which is expressed by complex numbers is proposed.
